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ABSTRACT 


The  results  of  the  Phase  IIA,  High-Explosive  Simulation  Technique  (REST) 
experiment  are  presented  in  the  form  of  reduced  data.  A  comprehensive  analysis 
is  not  presented,  although  irregularities  in  the  data  are  discussed.  The 
experiment  simulated  airblast  loading  from  a  nuclear  burst  by  detonating  a 
contained  Primacord  matrix  over  a  plan  area  88  feet  by  100  feet.  The  peak 
overpressure  was  598  psi,  the  total  Impulse  19.25  psi-sec,  the  total  duration 
was  172  msec,  and  the  shock  front  velocity  was  5640  feet  per  second.  Measure¬ 
ments  of  free  field  stress,  strain,  particle  velocity,  particle  acceleration, 
time  of  arrival  of  the  wave  front,  and  long  span  displacement  were  made.  These 
data  are  presented  as  plots  of  peak  values  and  time  histories. 
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SECTION  I 
INTRODUCTION 

The  primary  objective  of  the  High-Explosive  Simulation  Technique  (HEST) 

Phase  IIA  experiment  was  to  observe  the  response  of  a  buried  structural  model 
in  an  environment  simulating  the  airblast  and  airblast-induced  ground  motions 
from  a  surface  nuclear  explosion.  The  specific  requirements  were  to  produce 
a  traveling  airblast  wave  having  a  peak  overpressure  of  600  psi,  decaying  to 
one-half  peak  pressure  in  16,5  msec,  and  having  a  shock  front  velocity  of  6800 
ft/sec.  Secondary  objectives  were  to  determine  both  the  airblast  and  ground- 
shock  environments  which  were  made  to  define  the  loading  input  to  the  structural 
model  and  to  further  verify  the  theoretical  techniques  which  are  utilized  to 
predict  the  airblast  environment.  In  addition,  the  airblast  and  ground-shock 
data  were  obtained  as  a  part  of  a  continuing  program  designed  to  increase 
understanding  of  the  basic  phenomena  associated  with  airblast-induced  ground 
motions.  The  test  was  conducted  on  6  May  1965  at  Kirtland  Air  Force  Base, 

New  Mexico.  The  test  constituted  a  reload  of  the  model  tested  previously  at 
the  300-p8i  level  and  reported  in  references  1  and  2. 

The  purpose  of  this  report  is  to  present  the  data  measured  during  HEST 
Phase  IIA.  HEST  Phase  IIA  is  part  of  a  continuing  series  of  conventional 
high-explosive  experiments  conducted  by  the  Air  Force  Weapons  Laboratory. 

The  HEST  tests  endeavor  to  simulate  a  nuclear  blast  environment  by  detonating 
a  conventional  high  explosive*  within  enclosed  pits.  Variable  parameters 
include  pit  size,  type  of  overburden  material,  overburden  mass,  overburden 
density,  cavity  depth,  and  detonation  cord  wrap  angle  and  density.  A  detailed 
discussion  of  the  HEST  environment  is  presented  in  references  1,  3,  and  4. 

A  summary  of  the  HEST  experiments  giving  location,  date,  pit  size,  over¬ 
pressure,  report  number,  and  primary  objective  of  each  test  is  listed  in 
Table  I. 

The  specifications  for  HEST  Phase  IIA  are  as  follows:  the  pit  size  was 
100  feet  by  88  feet  with  a  3-foot  cavity.  The  Primacord  wrap  angle  (6)  was 
13.25°,  the  Primacord  density  (p)  was  0.1415  lb/ft3.  This  density  required 
— 

*Primacord  is  i  registered  trademark  of  the  Ensign-Bickford  Co.,  Simsbury,  Conn, 
for  a  detonating  cord  of  PETN. 
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14,500  feet  of  175  grain  detonation  cord.  The  data  recorded  on  magnetic  tape 
were  digitized  at  a  rate  of  40,000  bits  per  second  (40  bits/msec)  and  plotted. 
Integration  of  these  traces  was  accomplished  using  a  planimeter. 

Section  II  of  this  report  describes  and  locates  the  instrumentation. 

Section  III  analyzes  the  airblast  data.  Section  IV  contains  the  soil  response 
data.  Raw  data  are  contained  in  the  Appendix. 

A  detailed  analysis,  synthesizing  data  from  the  entire  HEST  series,  up  to 
and  including  HEST  Test-3,  is  planned  in  the  near  future.  A  more  detailed 
analysis  of  HEST  Phase  IIA  data  will  be  presented  in  a  later  report. 
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SECTION  II 
INSTRUMENTATION 


I 


t 


The  Air  Force  Weapons  Laboratory  recorded  50  channels  of  free-field  instru¬ 
mentation  during  HEST  Phase  IIA.  Figures  1  and  2  show  the  location  of  each 
of  these  gages  and  Table  II  summarizes  the  pertinent  information  on  each  gage. 

I 

Gages  are  identified  by  a  code  of  the  general  form  hh  T  cc-dd.  where  hh  is 
the  hole  number,  T  identifies  the  property  being  measured,  cc  is  the  cable 
number,  and  dd  is  the  depth  of  burial  in  feet.  The  abbreviations  used  for 
measured  properties  are  P  for  air  pressure,  L  for  soil  stress,  A  for  accelera¬ 
tion,  -  for  long-span  displacement,  and  V  for  velocity.  G  in  the  depth  location 
designated  a  measurement  at  the  ground  surface.  The  instrumentation  was  the 

I 

same  as  that  used  in  the  initial  test  and  was  not  removed  between  tests. 

However,  three  new  long-span  displacement  gages  and  eight  soil-strain  gages 
were  installed  for  this  test. 

In  addition  to  the  soil  stress  and  motion  measurements,  the  time  of  arrival 
of  the  stress  wave  in  the  soil  was  recorded  using  100  omnidirectional  "ball 
switches"  positioned  in  a  three-dimensional  array  in  the  ground. 

A  complete  description  of  the  instrumentation  is  presented  in  reference  1. 
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Location  of  Instrumentation  within  the  Test  Pit 
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INSTRUMENTATION  LIST 
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Gage  type 

Gage  make 

Serial  number 

Hole 

Depth  (ft) 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Velocity 

Acceleration 

Acceleration 

Acceleration 

Acceleration 

Acceleration 

Acceleration 

Acceleration 

Acceleration 

Acceleration 

Acceleration 

Acceleration 

Acceleration 

Soil  pressure 

Soil  pressure 

Soil  pressure 

Soil  pressure 

Soil  pressure 

Soil  pressure 

Soil  pressure 

Soil  pressure 

Soil  pressure 

Soil  pressure 

Air  pressure 

Air  pressure 

Air  pressure 

Air  pressure 

Air  pressure 

Air  pressure 

Air  pressure 

Air  pressure 

Air  pressure 

Air  pressure 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Sandia 

Statham 

Statham 

Statham 

Statham 

Statham 

Statham 

Statham 

Statham 

Statham 

Statham 

Statham 

Statham 

Lynch 

Lynch 

Lynch 

Lynch 

Lynch 

Lynch 

Lynch 

Lynch 

Lynch 

Lynch 

Norwood 

Norwood 

No rwood 

By t rex 
Norwood 

By t rex 

Norwood 

Norwood 

By t rex 

By t rex 

0092 

0027 

0085 

0084 

0089 

0099 

0097 

0090 

0101 

0095 

0062 

0094 

0100 

0093 

0088 

10142-250g 

7617- 150g 

7618- lOOg 
10048-100g 

1018-250g 

7615-l50g 
10043-100g 
10139-l00g 
10l41-250g 
10042-100g 
10041-100g 
10136-100g 
Lynch  1 

Lynch  2 

Lynch  3 

Lynch  4 

Lynch  5 
Lynch  6 

Lynch  7 
Lynch  8 
Lynch  9 
Lynch  10 
7528 

7264-lOOOpsi 

5290-1000psi 

5288-2000psi 

7267-lOOOpsi 

5293- 2000psi 
7261-lOOOpsi 
7257-lOOOpsi 

5294- 2000psi 
5293-2000psi 

12 

12 

12 

12 

12 

21 

21 

21 

21 

21 

25 

25 

25 

25 

25 

21 

21 

21 

21 

12 

12 

12 

12 

25 

25 

25 

25 

21 

21 

21 

21 

21 

21 

21 

8 

11 

16 

4 

14 

18 

22 

24 

28 

30 

7 

10 

28 

1 

20 

40 

60 

80 

1 

20 

40 

60 

80 

1 

20 

40 

60 

80 

10 

30 

50 

70 

10 

30 

50 

70 

10 

30 

50 

70 

5 

15 

25 

35 

45 

55 

65 

0.5 

0.5 

0.5 
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Table  II  (cont'd) 
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Gage  type 

Gage  make 

Serial  number 

Hole 

Depth  (ft) 

Air  pressure 

Norwood 

7260-1000psi 

1 

Air  pressure 

Long  span 

Norwood 

7262-1000psi 

5 

— 

displacement 

— 

4 

43 

100 

Long  span 

displacement 

— 

5 

44 

70 

Long  span 

displacement 

6 

45 

40 
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SECTION  III 

AIR  FREE  FIELD  ENVIRONMENT 

Eleven  air-pressure  gages  were  used  to  record  the  air  free  field.  Their 
locations  within  the  test  pit  are  shown  in  figure  1.  All  gages  except  10P9G 
functioned  properly.  From  these,  the  composite  air  pressure  curve  shown  in 
figure  3  was  derived.  This  curve  has  a  peak  pressure  of  598  psi,  a  time  to 
one-half  pressure  of  15.5  msec,  a  total  duration  of  172.2  msec,  and  a  total 
impulse  of  19.25  psi-sec.  The  impulse-time  history  is  also  plotted  in  figure  3 
The  composite  air  pressure  curve  was  found  to  have  the  form 

P  -  598(1  -  t)(a  +  Be-ctT) 


where 

P  ■  overpressure,  psi 
t  -  t/172 

t  -  time  after  arrival  of  the  shock,  sec 
A  -  0.283 
B  -  0.717 
a  -  14.71 

This  curve  satisfied  the  boundary  conditions  of  a  598  ?si  peak  pressure,  a 
total  duration  of  172  msec,  and  a  total  impulse  of  19.25  psi-sec  with  an 
r-squared  of  0.88  and  a  standard  deviation  of  15.04  psi. 

Figures  28  through  38  show  the  individual  air  pressure  curves  from  which 
the  composite  air-pressure  curve  was  computed.  The  sign  of  the  ordinate 
(pressure)  should  be  neglected  as  all  air  pressures  are  positive.  Impulses 
were  obtained  either  by  numerical  integration  as  a  part  of  the  computer  data 
reduction,  or  by  using  a  planimeter.  Figures  4  through  13  are  the  smoothed 
air-pressure  curves  resulting  from  the  analysis  of  the  digitized  data. 


9 


Lte  Overpressure-Time  History  and  Total  Impulse  Curve 


Overpressure-Time  History  4P12G 


7PI09G 


Overpressure-Time  History  7P109G 


Overpressure-Time  History  14P141G 


time  (msec) 


gure  13. 


AFWL-TR-66-85 


The  reflected  peaks  were  ignored  in  computing  the  impulse.  The  reflected 
peaks  are  a  result  of  the  shock  wave  hitting  the  end  of  the  test  pit.  The 

magnitude  of  the  shock  wave  attenuated  rapidly  as  it  propagated  against  the 
air  particle  flow  within  the  test  pit. 

Table  III  summarizes  the  pertinent  data  fro.  the  reduced  pressure-time 
histories.  With  the  exception  of  gage  10P121G,  all  gage  readings  were  consid¬ 
ered  equally  In  the  determination  of  the  peak  overpressures  and  impulses. 

All  computed  impulses  and  total  times  are  corrected  for  baseline  shifts  except 
28P220C.  The  baseline  shift  was  considered  to  occur  linearly  with  time,  i.e., 
a  straight  line  was  drawn  from  zero  time  to  the  point  at  which  pressure  became 
constant.  The  complete  baseline  shift  for  18P157C  was  assumed  to  occur  immed¬ 
iately  at  t  -  0,  otherwise  the  gage  would  have  negative  pressures  with  signifi¬ 
cant  impulse  early  in  time.  The  average  from  the  eight  Norwood  gages  was  619 
psi  and  from  the  two  Bytrex  gages  was  513  pai.  The  spread  of  the  data  was  235 
psi  for  the  Norwood  gages  and  95  psi  for  the  Bytrex  gages. 

Figure  14  represents  the  distance  versus  arrival  time  of  the  shock  front 
A  least  square  fit  in  the  form  y  -  a  +  bx  was  fit  to  the  data  points.  This 
line  represents  a  shock  front  velocity  of  5640  feet  per  second.  A  598-psi 
shock  wave  propagates  at  velocity  of  6800  feet  per  second.  Since  the  air- 
pressure  gages  were  recorded  on  different  magnetic  tapes  and  the  digitizing 
was  not  begun  at  the  same  real  time  for  each  tape,  it  was  necessary  to  correct 
the  shock  front  arrival  time  to  account  for  this  time  difference.  This  correc¬ 
tion  is  shown  in  table  HI.  Shock-front  arrival  contours  are  shown  in  figure 
15.  This  figure  shows  the  position  of  the  shock  front  within  the  test  bed  at 
various  times  after  detonation.  The  parent  detonation  time  was  31.22  msec. 
This  represents  the  delay  between  the  time  the  fire  signal  was  initiated  and 
detonation  began  inside  the  pit. 
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SECTION  IV 

'  EARTH  FREE  FIELD  ENVIRONMENT 

1.  Subsurface  Soil  Properties 
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To  evaluate  the  subsurface  soil  conditions,  three  exploratory  drill  holes 
were  sampled.  These  samples  were  subjected  to  standard  classification  tests 
and  dynamic  one-dimensional  multiple  reflection  compression  tests.  The  soil 
profile,  deduced  from  the  exploration  and  testing,  is  shown  in  figure  16.  The 
layering  is  essentially  horizontal  and  well  defined.  The  profile  consists  of 
alternating  layers  of  sand  and  gravel  with  some  silt  and  clay.  The  static 
water  table  was  below  90  feet. 

The  constrained  modulus  tests  were  performed  with  a  modified  consolido- 
.  meter,*  using  a  rise  time  to  peak  stress  of  approximately  200  msec.  The  data 

shown  in  figure  17  are  qualitative  only  and  represent  composite  values.  The 
curves  are  of  the  locking  type  indicating  that  an  input  shock  condition  should 
be  maintained  as  the  stress  wave  propagates.  These  curves  show  a  large  per¬ 
centage  of  nonrecoverable  strain.  This  is  thought  to  be  partially  due  to  the 
testing  arrangement  as  well  as  to  the  hysteritic  properties  of  the  soil.  The 
soil  properties  are  summarized  in  table  IV. 

The  seismic  velocity  varied  with  depth  as  follows: 

i 

SEISMIC  VELOCITY 
HEST  PHASE  IIA 


Depth 

Seismic  velocity 

(ft) 

(fps) 

0-58 

1700 

58-268 

2550 

268-2000 

6740 

*Karol -Warner  model  354  Consolidometer,  Karol-Warner  Co.,  Highland  Park,  NJ. 


Subsurface  Soil  Profile 


Constrained  Modulus  Tests 
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2 .  Soil  Stress 

Ten  soil-stress*  gages  were  used  in  this  test.  Three  were  buried  at  a 
depth  of  6  inches  in  holes  8,  11,  and  16.  The  traces  from  the  gages  are  shown 
in  figures  39,  40,  and  41.  The  data  from  these  gages,  summarized  in  table  V, 
indicate  soil  stresses  of  900,  870,  and  740  psi,  respectively.  These  data 
are  not  considered  reliable  because  of  the  high  peak  pressures.  The  average 
overregistration  factor  based  on  the  average  air  pressure  was  1.40.  The 
overregistration  factor  for  the  Phase  II  experiment  (Ref.  1)  and  for  the 
HIP-1A  experiment  were  1.85  and  1.60,  reFpectively .  (The  results  of  HIP-lA 
are  to  be  published.)  At  the  present  time,  this  factor  cannot  be  determined 
from  laboratory  calibration  tests.  The  high  pressure  results  in  a  high  impulse; 
therefore,  the  gages  were  disregarded  in  the  overpressure  analysis. 

The  data  from  the  seven  gages  buried  in  hole  21  are  shown  in  figures  42 
through  48.  These  data  cannot  be  considered  reliable  because  (1)  the  frequency 
registered  by  the  gages  is  too  great  to  represent  soil  stress,  (2)  the  data 
show  large  negative  stresses  the  gage  is  not  physically  capable  of  measuring, 
and  (3)  the  soil  stress  shows  no  increase  in  rise  time  or  attenuation  with 
depths  as  the  other  ground-motion  data  indicate. 

3.  Soil  Strain 

Sets  of  4-inch-diameter  soil-strain  gages**  were  placed  at  depths  of  1,  5, 
10,  20,  40,  60,  80,  and  100  feet  in  hole  number  42  (figure  1)  located  20  feet 
from  the  detonation  end  of  the  test  pit.  The  details  of  the  gage  design,  gage 
placement,  and  recording  are  found  in  reference  5,  pages  71  through  74.  The 
gages  were  oriented  to  measure  strain  in  a  vertical  direction  over  a  gage  length 
of  6  inches.  Plots  of  strain  versus  time  for  the  eight  gages  are  shown  in 
figure  49.  From  these  curves,  the  peak  strains  were  determined  and  are  plotted 
in  figure  18.  Assuming  that  the  smooth  curve  shown  in  the  figure  represents 
the  data,  a  total  displacement  of  11  inches  at  the  surface  and  3.3  inches  at 
20  feet  is  indicated.  This  is  in  good  agreement  with  the  displacements  shown 
in  figure  24.  The  data  show  a  rapid  attenuation  of  strain  in  the  upper  20 
feet,  becoming  much  more  gradual  below  that  depth.  This  is  in  agreement  with 
the  other  displacement  data. 


♦University  of  New  Mexico  soil  stress  gage 
**IITRI  coil  strain  gage 
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Table  V 

SUMMARY  OF  NEAR-SURFACE  SOIL  STRESS  DATA 


Gage  No. 

Peak  stress 
(psi) 

Impulse 

(psl-sec) 

Duration 

(msec) 

8L110G 

900 

17.1 

132.0 

11L112G 

870 

31.7 

186.0 

16L151G 

740 

22.6 

191.0 

Average 

837 

23.8 

170.0 
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In  the  data,  there  are  certain  anomalies  (tension,  second  peaks)  that  cannot 
be  explained,  but  are  probably  a  result  of  cable  squeeze,  reflections,  or 
related  phenomena. 

4 .  Velocity 

The  particle  velocity  data  represents  the  best  quality  ground-motion  data 
which  was  obtained  in  this  test.  Of  the  15  gages  installed,  12  were  success¬ 
fully  recorded.  The  signal  to  noise  ratio  was  very  low  and  only  two  gages, 
12V-12o-60  and  25V-204-1,  exhibited  baseline  shifts.  In  integration  of  these 
gages,  the  baseline  shift  was  assumed  to  occur  linearly  with  time.  The  peak 
vertical  particle  velocities  are  plotted  in  figure  19.  The  acceleration 
records  were  of  poor  quality  and  no  attempt  was  made  to  integrate  them  for 
velocity.  The  scatter  in  the  velocity  data  is  limited  and  seems  to  be  random, 
i.e.,  the  data  from  one  hole  are  not  consistently  high  or  low.  The  data  show 

a  rapid  attenuation  in  the  upper  20  feet,  becoming  much  more  gradual  below 
that  depth. 

From  the  velocity-time  histories,  figures  50  through  61,  the  rise  time  to 
peak  velocity  was  calculated.  This  is  plotted  in  figure  20.  Also  shown  as 
dashed  lines  is  the  rise  time,  calculated  assuming  that  the  peak  of  the  stress 
wave  propagated  at  a  velocity  equal  to  one-half  the  seismic  propagation 
velocity.  This  predicted  rise  time  agrees  with  the  observed  rise  time  quite 
well  to  a  depth  of  about  50  feet.  If  the  data  point  from  hole  12  at  a  60-foot 
depth,  which  is  questionable  due  to  the  shape  of  velocity-time  history  (figure 
25),  were  ignored,  the  agreement  would  be  quite  good  below  50  feet  also. 

However,  at  this  depth,  the  stress  wave  has  become  quite  soft-fronted  and  the 
hard  caliche  at  about  60  feet  exhibited  a  locking  stress-strain  behavior  under 
dynamic  loading.  This  would  cause  a  shocking-up  (decrease  in  rise  time)  of  the 
stress  front.  Since  both  the  stress-strain  data  and  the  rise  time  data  are 
limited,  it  is  not  possible  to  determine  whether  the  data  point  should  be 
eliminated  or  the  caliche  actually  caused  the  wave  to  shock-up. 

To  determine  the  velocity  at  which  the  stress  wave  propagated  into  the 
ground  (wave  propagation  velocity),  the  travel  time  of  the  stress  wave  front 
and  peak  were  determined  from  the  velocity  records.  These  data  are  plotted  in 
figures  21  and  22.  The  three  holes  were  normalized  by  shifting  the  arrival 
time  of  the  airblast  over  the  hole  to  zero  time  so  that  only  propagation  of 
the  stress  wave  through  the  soil  might  be  considered.  Also  shown  for  comparison 
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Figure  19.  Peak  Particle  Velocities 
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are  the  arrival  times  of  the  seismic  wave  and  the  arrival  times  of  a  wave 
traveling  at  one-half  the  seismic  velocity.  For  this  case,  these  values 
represent  a  good  approximation  of  the  data. 

5 .  Acceleration 

Twelve  accelerometers  were  used  to  record  particle  acceleration  at  depths 
between  10  and  70  feet.  The  digitized  traces  are  shown  in  figures  62  through 
71.  The  peak  downward  accelerations  are  plotted  in  figure  23.  The  agreement 
among  the  data  from  the  three  holes  is  very  good  with  the  exception  of  the  gages 
at  10  feet.  As  a  comparison,  the  maximum  slopes  of  the  velocity-time  histories 
were  determined  and  are  also  plotted  in  figure  23.  The  agreement  between  the 
two  methods  of  determining  particle  acceleration  is  very  good.  These  data  are 
tabulated  in  table  VI.  The  acceleration  from  the  slope  of  velocity  gage  at 
1-foot  depth  of  burial  was  1,120  g.  Many  of  the  spikes  on  the  air-prCt,sure 
traces  are  above  1000  psi  and  these  probably  are  not  filtered  by  the  soil  at  a 
depth  of  1  foot.  Since  the  particle  acceleration  is  primarily  peak  pressure 
sensitive  for  very  short  rise  times,  one  would  expect  a  very  high  acceleration. 

This  value  is  in  good  agreement  with  more  recent  measurements  of  acceleration 
very  near  the  surface. 

Generally,  the  data  are  of  poo:  quality  due  to  the  high  signal-to-noise 
ratio. 

6.  Displacement 

Three  long-span  displacement  gages  were  used  to  measure  the  relative 
displacement  between  the  surface  and  deadmen  at  40  feet,  70  feet,  and  100  feet. 
Tbe  gage  with  a  40-foot  span  was  overdriven  before  reaching  a  maximum  value. 

This  is  probably  a  result  of  the  spring  (which  takes  up  the  slack  in  the  wire) 
not  being  extended  sufficiently  on  installation.  The  velocity  gages  were 
integrated  for  displacement  and  are  plotted  along  with  the  long-span  displace¬ 
ment  gages  in  figure  24.  The  digitized  displacement  data  are  shown  in  figures 
72  through  74.  The  long-span  data  are  plotted  assuming  the  deadman  at  100  feet 
did  not  move;  therefore  absolute  displacement  is  recorded.  Any  displacement 
at  100  feet  would  be  directly  additive  to  the  values  shown.  The  soil-strain 
data  reaches  zero  at  161  feet,  and  assuming  a  linear  decay  below  80  feet,  a 
peak  transient  displacement  of  0.6  inch  at  100  feet  is  obtained.  It  is  signifi¬ 
cant  to  note  that  the  long-span  displacement  gages  show  more  displacement  than 
both  the  intergrated  velocity  records  and  the  soil-strain  gages. 
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Figure  23.  Peak  Downward  Acceleration 
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7 .  Time  of  Arrival 

The  time  of  arrival  of  the  shock  front  at  the  surface  is  shown  in  figure  15. 
Figures  25  through  27  are  cross  sections  of  the  test  pit  illustrating  the 
variation  of  the  arrival  of  the  shock  front  as  a  function  of  depth.  The  time 
interval  of  the  contour  is  0.002  sec.  The  angle  of  incidence  of  the  shock 
front  ranges  from  10°  to  27°,  the  smaller  angles  of  incidence  being  found  near 
the  surface  at  the  detonation  end  of  the  test  pit,  and  generally  greater  at 
increased  distance  and  depth  from  the  detonation.  The  average  angle  of  inci¬ 
dence  is  approximately  18°.  All  gage  types  were  used  in  the  determination  of 
the  arrival  of  the  shock  front.  These  data  agree  very  well  with  the  angle  of 
incidence  one  would  calculate  (17°  40')  by  using  a  wave  front  velocity  of  5640 
feet  per  second  and  a  seismic  velocity  of  1700  feet  per  second. 

In  determining  the  propagation  velocity  of  the  stress  wave,  the  values 
given  in  figures  25  through  27  should  be  used  rather  than  the  values  from  the 
digitized  records.  The  records  do  not  have  the  same  zero  times  because  digiti¬ 
zation  of  the  various  tapes  was  not  begun  at  the  same  time.  The  values  in 
figures  25  through  27  have  all  been  normalized  to  a  common  zero  time. 

8 .  Sunmarv 

It  should  be  reemohasized,  in  conclusion,  that  in  this  report  no  attempt 
has  been  made  to  rigorously  analyze  these  data,  hut  they  seem  internally 
consistent.  Given  the  uncertainties  of  measurements  of  this  tvoe,  the  data 
seem  reliable  and  are  •  F  the  order  one  predicts  using  a  one-dimensional 
calculation  procedure  and  a  reasonable  soil  model  which  accounts  for  the 
energv  absorption  on  cyclic  loading. 
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Figure  27.  Cross  Section  of  Test  Pit  Showing  Time  of  Arrival  Contours  (Plane  3) 
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Figure  29.  Overpressure-Time  Histories 
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Figure  49.  Strain  versus  Time 
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Figure  53.  Particle  Velocity-Time  Histories 
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Figure  70.  Particle  Acceleration-Time  Histories 
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